Abstract-Whether age at first childbirth has an effect on hypertension incidence is unclear. The objectives of this study were to examine the relationship between age at first childbirth and hypertension and to examine whether degree of obesity, measured as body mass index, mediates age at first childbirth-related hypertension in postmenopausal women. This study analyzed 4779 postmenopausal women data from the Korea National Health and Nutrition Examination Survey 2010 to 2012. Logistic regression analyses were used to investigate relationship between age at first childbirth and hypertension. Mediation analysis was performed to examine the contribution of body mass index to age at first childbirth-related hypertension. Mean of participants' age at first childbirth and current age were 23.8 and 63.4 years, respectively. 
H igh blood pressure and hypertension is the leading cause of cardiovascular disease and death worldwide: 13.5% of premature deaths, 47% of ischemic heart disease, and 54% of stroke are caused by high blood pressure. 1 People with hypertension have 63.3% lifetime risk for cardiovascular disease at 30 years of age, whereas those with normal blood pressure have 46.1%. 2 In 2010, globally 1.39 billion people (31.1% of total) had hypertension: 349 million (28.5% of total) in highincome countries and 1.04 billion (31.5% of total) in low-and middle-income countries. 3 Global age-standardized prevalence of hypertension increased by 4.9% from 2000 to 2010: 2.6% decrease in high-income countries but 7.7% increase in lowand middle-income countries. 3 Hypertension is consistently expected to be an important public health problem worldwide. In 2025, prevalence of hypertension is predicted to increase by 1.56 billion people (60% of total) worldwide in 2025. 4 The extensive physical changes of childbearing have an effect on women's health status in their later life, [5] [6] [7] [8] [9] [10] [11] [12] although pregnancy is a temporary stage unlike long-term chronic disease conditions (eg, diabetes mellitus). In South Korea, the mean maternal age at delivery was 31.5 years in 2013, and the fertility rate for women aged 15 to 19 was 1.7 births per 1000 women. 13 Previous studies have demonstrated the relationship between the timing of childbearing and health status in women's later life. [5] [6] [7] [8] [9] [10] [11] [12] Early first childbirth has the relationship with the increased risks of osteoporosis, 5 diabetes mellitus, 6 metabolic syndrome, 7, 8 coronary heart disease, 11 and cardiovascular disease mortality 10 in postmenopausal women. Relevant to hypertension, Lind et al 9 found that women who gave birth at the later age had lower odds of treatment for high blood pressure compared with those at the younger age. Another study also showed the negative relationship between age at first childbirth and high blood pressure, as a component of metabolic syndrome. 7 Recently, Parikh et al 12 found that younger age at first childbirth was associated with higher systolic and diastolic blood pressure and hypertension in women at age close to 40 years.
Most of the previous studies speculated that additional pregnancy and parity and exposure to circulating estrogen, caused by the early first childbirth, are likely to increase the risks of these chronic diseases. [5] [6] [7] [8] [9] 14 In the basis of adverse effects of early childbirth, this study hypothesized that age at first childbirth was negatively associated with hypertension. In addition, we hypothesized that this association was mediated by degree of obesity, as measured by body mass index (BMI), because several lines of evidence support associations of obesity with both age at first childbirth 15 and hypertension. 16 In this study, the above 2 hypotheses were tested in postmenopausal women using nationally representative population data.
Methods
This study used the data from the Korea National Health and Nutrition Examination Survey (KNHANES) from 2010 to 2012. This survey is a nationwide cross-sectional survey based on a stratified multistage probability sampling design, consisting of the health interview, behavioral and nutritional survey, and health examination. The KNHANES followed the Ethical Principles for Medical Research Involving Human Subjects defined by the Declaration of Helsinki. Each participant of KNHANES provided informed consent form. The approval of the institutional review board was not required because this survey is deidentified public data. Detailed information is available elsewhere. 17 Of the 13 918 women participated in KNHANES 2010 to 2012, this study used data acquired from 4779 postmenopausal participants who had history of childbirth and were measured for blood pressure. We included only participants whose menopause occurred before their current age.
In KNHANES, medical staffs underwent a spirometry training course organized by the Korea Center for Disease Control and Prevention. They measured systolic and diastolic blood pressure using a standard mercury sphygmomanometer (Baumanometer; WA Baum Co, Inc, Copiague, NY) in the sitting position with 5-minute intervals. Blood pressure was measured 3×: the second and third measurements of blood pressure were recorded and averaged, whereas the first measurement was discarded. KNHANES implemented a stringent program for quality assurance and quality control of the blood pressure measurements. Hypertension was defined as systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or the use of antihypertensive medication. 18 Blood samples were collected from each KNHANES participant in the morning after overnight fast. Blood glucose, triglyceride, and cholesterol levels were analyzed using enzymatic methods with an autoanalyzer (Hitachi Automatic Analyzer 7600; Hitachi, Tokyo, Japan). Diabetes mellitus was defined as glucose ≥126 mg/dL or the use of antidiabetic medication (insulin or oral agents). 18 Dyslipidemia was defined as total cholesterol ≥240 mg/dL, high-density lipoprotein cholesterol <40 mg/dL, low-density lipoprotein cholesterol ≥160 mg/dL, triglyceride ≥200 mg/dL, or the use of antidyslipidemia medication. 18 This survey measured height to 0.1 cm in the upright position using a portable stadiometer (SECA 225; seca Deutschland, Hamburg, Germany) and body weight to 0.1 kg on a balanced scale (GL-6000-20; CAS, Seoul, South Korea). BMI was calculated as weight (in kilograms) divided by the squared of height (in meters). This study used variables acquired from self-reported questionnaires: current smoking status, current alcohol consumption, regular physical activity, education level, household income, age at menarche, age at menopause, duration of contraceptive use, duration of hormone therapy, age at first childbirth, age at last childbirth, and parity. Data are presented as mean or % (95% confidence interval). *Defined as fasting glucose ≥126 mg/dL or under ongoing treatments. †Defined as high-density lipoprotein cholesterol <40 mg/dL, low-density lipoprotein cholesterol ≥160 mg/dL, total cholesterol ≥240 mg/dL, triglyceride ≥200 mg/dL, or under ongoing treatments.
This study followed the analytic guidelines for KNHANES which considered survey complex sampling structure with stratification, cluster, and sampling weights to extrapolate the study findings to the entire South Korean population. 17 Nonhypertensive and hypertensive groups were compared using t test for continuous variables and the use of Pearson χ 2 test for categorical variables with taking consideration into survey design. Survey logistic regression analyses were performed to address the relationship between age at first childbirth and hypertension. As the predictor, age at first childbirth was analyzed with both continuous (unit, year) and dichotomized (≤19 versus >19 years) formats. Survey models adjusted for age (<55, 55-59, 60-64, 65-69, 70-74, versus ≥75 years), smoking status (current smoking versus nonsmoking), alcohol consumption (≥1× per month versus <1× per month), regular physical activity (≥20 min in each time or ≥3× per week versus <20 minutes in each time and <3× per week), education level (≤el-ementary, middle, versus ≥high school), household income (≥3000 versus <3000 US$/mo), diabetes mellitus (yes versus no), dyslipidemia (yes versus no), age at menarche (unit, year), age at menopause (unit, year), duration of contraceptive use (unit, months), duration of hormone therapy (unit, months), age at last childbirth (unit, year), and parity (unit, n). The multivariable-adjusted prevalence of hypertension were compared among 4 groups of participants aggregated according to the age at first childbirth: ≤19, 20 to 24, 25 to 29, and ≥30 years. Because age at first childbirth may be highly correlated with age at last childbirth, it is not clear whether hypertension status is affected by age at first or last childbirth. Therefore, to observe the effects of timing of last childbirth, this study additionally performed logistic regression analyses for the age at last childbirth (both continuous and dichotomized [≤24 versus >24 years] formats), as a predictor, with an adjustment for age at first childbirth and other confounders. Cutoff points for age at first (19 years) and last childbirth (24 years) were determined based on the relationship between mothers' early first (≤19 years) 5, 11 and last (≤24 years) 19, 20 childbirth and increased risks of other chronic diseases. Mediation analysis using structural equation modeling was performed to address whether age at first childbirth-hypertension was explained by BMI (Mplus 7.3 statistical software; Muthén and Muthén 1998-2014). The mediation analysis accommodated the complex sampling structure of the KNHANES and adjusted for the same confounders used in multivariable regression models. Complete mediation was defined as a significance of indirect effect with nonsignificance of direct effect between age at first childbirth and hypertension. 21 This study statistically analyzed the data using SAS 9.4 statistical software (SAS Institute, Cary, NC), with the exception of the mediation analysis. The P value <0.05 was considered to be statistically significant.
Results
Of 4779 study population, the mean age was 63.4 years ( Table 1) . Mean of participants' age at their first and last childbirth were 23.8 and 30.6 years, respectively. The prevalence of hypertension was 51.1% (n=2529). Hypertensive participants were older, less smoking and alcohol consumption, less exercise, less educated, and more obese and had lower income than nonhypertensive. Hypertensive participants delivered the first infant in younger age and the last infant in older age than nonhypertensive.
In the age-adjusted model, the risk of hypertension significantly decreased by 3.5% for every 1-year increase in the age at first childbirth (odds ratio [ Figure 1) .
In mediation analysis, the total effect of age at first childbirth on hypertension was significant (OR, 0.977; 95% CI, 0.957-0.998; P=0.030; Figure 2 ). BMI completely mediated the relationship between age at first childbirth and hypertension, which indicates the significant indirect effect (OR, 0.992; 95% CI, 0.987-0.998; P=0.008) but nonsignificant direct effect (OR, 0.984; 95% CI, 0.965-1.005; P=0.137).
Discussion
This study demonstrates that women who delivered the first infant in younger age were likely to have high risk of hypertension. BMI was an important mediator of the association between age at first childbirth and hypertension. Because hypertension is an important risk factor for cardiovascular disease and mortality, our findings suggest that careful observation for hypertension is required for postmenopausal women who delivered the first infant in younger age, in particular <20 years. CI indicates confidence interval; and OR, odds ratio. Model 1, adjusted for age. Model 2, model 1 plus smoking status, alcohol consumption status, regular physical activity. Model 3, model 2 plus education level, household income, diabetes mellitus, dyslipidemia, age at menarche, age at menopause, duration of contraceptive use, duration of hormone therapy, and parity. Model 4: model 3 plus age at last childbirth (only for age at first childbirth predictor) or age at first childbirth (only for age at last childbirth predictor).
This study showed that age at first childbirth influenced BMI. Several mechanisms may be suggested to explain an increased BMI in postmenopausal women who delivered the first infant early. First, weight retention during pregnancy and changes of lifestyle caused by pregnancy at early age (eg, increased food intakes and physical activities toward a more sedentary) 22 may increase the degree of obesity in their later life. Second, child-rearing from earlier age may make women to carry out restricted physical activities focusing on nurturing and housework from earlier age, which may increase their BMI. 23 Third, earlier exposure to high levels of estrogen by early pregnancy may lead to an increase in body fat because early pregnancy make fat storage of energy to be more efficient in preparation for fetal development and lactation. 24 Fourth, women who delivered the first childbirth at early age are more likely to have higher number of parity, which may accumulate weight retention and contribute to obesity in their later life accordingly. 15, [25] [26] [27] Expectedly, this study found the significant relationship between BMI and hypertension. Although biological mechanisms of BMI-hypertension relationship are not clearly explained, BMI is speculated to influence on hypertension through complex interactions between oxidative stress, inflammation, hyperleptinemia, insulin resistance, the reninangiotensin-aldosterone system, and the renal sympathetic nervous system. 28, 29 Complete mediation of BMI on age at first childbirthhypertension association indicates that this association may not be explained by other mechanisms. However, it should be noticed that diabetes mellitus or dyslipidemia, which were adjusted in the models, also can play a role as a mediator in the association between age at first childbirth and hypertension. This study did not perform mediation analysis for these potential mediators because these and hypertension frequently occur at the same time whereas obesity is prone to occur earlier than hypertension and other metabolic disturbances. 30, 31 Another interesting point of this study was that effect of age at first childbirth was consistently significant even after adjusting for parity and age at last childbirth. We expected that late pregnancy might increase the risk of hypertension in postmenopausal period because of oxidative stress and inflammation in late pregnancy, but any significant trends across age at last childbirth were not observed. Early first childbirth affecting increased BMI may be more influential on hypertension in menopause women than late last childbirth inducing adverse health effects. Future studies should clarify which mechanisms are involved in the associations of hypertension with age at both first and last childbirth.
To our knowledge, this is the first study to address the relationship between age at first childbirth and hypertension and the underlying mechanism in this relationship. Another strength of this study was that our hypotheses were examined using a nationally representative sample of Korean postmenopausal women. However, this study has several limitations. First, because KNHANES is a cross-sectional survey, causality Figure 1 . Adjusted prevalence of hypertension according to age at first and last childbirth. The error bars show 95% confidence interval. Participants aggregated according to the age at first childbirth of ≤19 (n=420), 20 to 24 (n=2517), 25 to 29 (n=1597), and ≥30 (n=245) y and the age at last childbirth of ≤24 (n=325), 25 to 29 (n=1807), 30 to 34 (n=1676), and ≥35 (n=971) y. Multivariable logistic regression models were used to estimate prevalence with adjustments for age, smoking status, alcohol consumption status, regular physical activity, education level, household income, diabetes mellitus, dyslipidemia, age at menarche, age at menopause, duration of contraceptive use, duration of hormone therapy, parity, and age at last childbirth (only for age at first childbirth predictor) or age at first childbirth (only for age at last childbirth predictor). *P value <0.05 and **P value <0.001 in comparisons with age at first childbirth ≤19 y. Any significant differences among age at last childbirth were found. Figure 2 . Mediation analysis to determine the relationship between age at first childbirth (unit, y) and hypertension through body mass index (unit, kg/m 2 ). Odds ratio (OR; 95% confidence interval [CI]; P value) of total effect was 0.977 (0.957-0.998; 0.030). Adjusted for age, smoking status, alcohol consumption status, regular physical activity, education level, household income, diabetes mellitus, dyslipidemia, age at menarche, age at menopause, duration of contraceptive use, duration of hormone therapy, parity, and age at last childbirth.
cannot be clearly drawn. In particular, because this study used participants' current BMI instead of weight gain from the first childbirth, we were unable to confirm that hypertension was affected by increased BMI caused by early childbirth. Second, reproductive factors, including age at first childbirth, were determined by self-report questionnaires, which may induce recall bias, but recall of reproductive factors is expected to be valid and reliable. 32 Third, statistical models of this study did not adjust for some confounders, such as women's birth weight at pregnancy. Fourth, extrapolation of our findings to today's reproductive-aged women should be cautious because current pregnancy-related environments and cultures are difference from the past in which study population of this study was childbearing age.
Perspectives
Age at first childbirth is significantly associated with hypertension in Korean postmenopausal women. In this population, BMI was a significant mediator in the timing of first childbirth-hypertension association. These findings indicate that more attention should be paid to postmenopausal women with pregnancy at younger age of first childbirth for effective prevention of their hypertension. Further prospective studies are needed to elucidate the timing of first childbirth-hypertension association and the role of degree of obesity in this association.
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